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Background: To compare near, intermediate, and distance vision, and quality of vision using 
appropriate subjective questionnaires, when monofocal or apodized diffractive multifocal 
intraocular lenses (IOLs) are binocularly implanted. 

Methods: Patients with different binocular IOLs implanted were recruited after surgery and had 
their visual acuity tested, and quality of vision evaluated, at a single diagnostic visit between 
3 and 8 months after second-eye surgery. Lenses tested included an aspheric monofocal and 
two apodized diffractive multifocal IOLs with slightly different design parameters. A total of 
94 patients were evaluated. 

Results: Subjects with the ReSTOR® +2.5 D IOL had better near and intermediate vision than 
those subjects with a monofocal IOL. Intermediate vision was similar to, and near vision slightly 
lower than, that of subjects with a ReSTOR® +3.0 D IOL implanted. The preferred reading 
distance was slightly farther out for the +2.5 D relative to the +3.0 D lens, and farthest for the 
monofocal. Visual acuity at the preferred reading distance was equal with the two multifocal 
IOLs and significantly worse with the monofocal IOL. Quality of vision measures were highest 
with the monofocal IOL and similar between the two multifocal IOLs. 
Conclusion: The data indicate that the ReSTOR +2.5 D IOL provided good intermediate 
and functional near vision for patients who did not want to accept a higher potential for visual 
disturbances associated with the ReSTOR +3.0 D IOL, but wanted more near vision than a 
monofocal IOL generally provides. Quality of vision was not significantly different between 
the multifocal IOLs, but patient self-selection for each lens type may have been a factor. 
Keywords: multifocal IOL, near vision, cataract, presbyopia 

Background 

Diffractive optics has been incorporated into multifocal intraocular lens (IOL) designs 
for decades; a more recent design is the apodized partial-optic diffractive lens, approved 
for use in the USA as the AcrySof* ReSTOR® +4.0 lens in March of 2005. 1 This lens 
features a central diffractive zone and a peripheral refractive-only zone, such that with 
large pupils relatively less light is directed to the near focus. 2 An additional model of 
this lens is the AcrySof IQ" 9 ReSTOR +3.0 D lens, featuring the same light distribution 
pattern but a lower powered add, approximately 2.3 D at the corneal plane, compared 
to 3 D with the original +4 add. This lens provides better intermediate vision than the 
+4 model with no evident change in visual disturbances. The preferred reading dis- 
tance for the +3 lens was near 40 cm, whereas with the +4 add the preferred reading 
distance was about 32 cm. 3,4 

Any IOL that splits light for the purposes of providing distinct near and distant 
images creates the potential for visual disturbances that may be higher than for a 
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monofocal IOL. The photic phenomena most often reported 
as higher are glare and halos, particularly halos. 5,6 Specific 
design elements can alter the amount of light directed to near 
and distant foci, and apodization can be used to modify that 
light distribution with varying pupil size. Both diffractive 
design and degree of apodization can affect the potential for 
glare and halos in diffractive multifocal lens designs. 7 

In 2012 the AcrySof IQ ReSTOR +2.5 D lens received 
Conformite Europeenne (CE) mark and became available 
in Europe, based on bench testing demonstrating the optical 
differences between it and previous models. 8 There were two 
major modifications to the lens design. The first was a change 
in the distribution of light to distance and near foci with vary- 
ing pupil size. Figure 1 illustrates this change - the ratio of 
distant to near light is higher in the new model, which was 
expected to reduce the potential for glare and halos associated 
with the out-of- focus near light when viewing at distance, as 
well as improving distance vision. The second modification 
was a lowering of the add power from 3.0 D to 2.5 D, mea- 
sured at the IOL plane. This was expected to change the add 
power at the corneal plane from approximately 2.3 D to about 
1.9 D (using a nominal 5.55 mm effective anterior chamber 
depth (ACD) and 20 D lens power), moving the patient's 
reading distance out from about 40 cm to about 50 cm. 

This study was designed to provide the first clinical data 
related to the visual performance of the new ReSTOR +2.5 D 
IOL. The desire was to evaluate the lens as it would be used 
in practice, so recruitment was planned for after patients had 
undergone successful cataract surgery. This introduced some 
bias into the results as subjects self-selected for each of the 
IOLs included, but because this is representative of clinical 



practice we considered the approach a positive feature of 
the study design. 

Methods 

This study was designed to evaluate visual function after 
bilateral implantation of a monofocal or diffractive apodized 
multifocal IOL. Only patients who had already had success- 
ful, uncomplicated cataract surgery with appropriate lenses 
binocularly implanted were eligible for inclusion. Three 
groups of patients were studied: those with bilateral AcrySof 
IQ monofocal lenses implanted, those with bilateral AcrySof 
IQ ReSTOR +3.0 D lenses implanted, and those with bilat- 
eral AcrySof IQ ReSTOR +2.5 D lenses implanted. Target 
enrollment was 32 patients in each group. Institutional review 
board approval was applied for and obtained before patients 
were enrolled (Southwest Independent Institutional Review 
Board, Inc., Fort Worth, TX, USA). 

The study was conducted as a post-intervention diagnostic 
evaluation. A list of patients between 1 and 6 months post- 
surgery on their second eye was prepared. Patients without 
surgical complications were called and asked to return 
between 3 and 6 months postoperatively for one diagnos- 
tic test visit. The recruiting list was updated over time, 
and patients were randomly called until a particular group 
was fully enrolled. Some patients presenting for a routine 
postoperative follow up visit in the appropriate time window 
were invited to participate immediately following their rou- 
tine visit. Patients signed an informed consent form outlining 
the nature of the study, acknowledging their agreement to 
participate and permitting use of their de-identified data for 
analysis. 
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Figure I Comparative energy distribution of multifocal intraocular lenses. 
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The single study visit involved the subjective evaluation 
of visual acuity (VA) and quality of vision. Basic demo- 
graphic data were collected and enrollment qualification was 
established as described in the protocol. Briefly, subjects 
must have had uncomplicated bilateral surgery with one 
of the three IOLs under study and no ocular or systemic 
pathology that might have affected their best-corrected 
postoperative VA. 

A manifest refraction was performed and VA was tested 
using standard high contrast log minimum angle of resolu- 
tion (logMAR) Early Treatment Diabetic Retinopathy Study 
charts at 4 m, 60 cm, and 40 cm under photopic conditions. 
VA was tested monocularly and binocularly, in the uncor- 
rected and best distance-corrected states. The preferred 
distance for near work and the associated logMAR VA were 
also measured, with the patient choosing their preferred 
reading distance and reading the 60 cm logMAR chart. The 
raw logMAR VA at this preferred reading distance was then 
corrected to provide the actual logMAR VA at that preferred 
reading distance. Low contrast (13%) VA was tested at 
distance, with the best distance-correction in place. During 
the visit the subject was also asked to complete the Qual- 
ity of Vision questionnaire, and the National Eye Institute 
(NEI) Visual Function Questionnaire near vision subset of 
questions. Both of these subjective instruments have been 
validated and can be scored using Rasch analysis. 910 

Clinical data were tabulated and de-identified on case 
report forms, along with VA data from a computerized data 
collection system. Preliminary data checking and analysis 
was performed using Access database software (Microsoft 
Corporation, Redmond, WA, USA). The preliminary analysis 
included tabulating monocular and binocular data. Statistical 
analyses were performed using the Statistica data analysis 
software system, Version 10 (StatSoft, Inc., Tulsa, OK, 
USA). 

For uncorrected and best-corrected VA, a two-way analy- 
sis of variance (ANOVA) was performed using test group 
and test distance as the categorical variables. Other measures 
were tested using ANOVA, analysis of covariance or, when 
categorical, the Kruskal-Wallis test. Significance was set 



at ,P<0.05. Rasch analysis was applied to the questionnaire 
results. 

The primary measure of interest was the difference in 
VA between groups at the various test distances when best- 
corrected for distance. Other measures of interest were the 
differences in near visual function and subjective quality of 
vision as reported in the questionnaires, and the differences in 
the preferred reading distance and acuity at that distance. 

Results 

Planned enrollment was 96 patients, 32 in each group, with 
the diagnostic visit between 3 and 6 months. Actual enroll- 
ment was 94 patients, with one additional ReSTOR +3.0 D 
patient and three fewer monofocal (AcrySof IQ) patients. 
Scheduling changes resulted in several patients being exam- 
ined in the seventh month, but all groups were affected and 
sensitivity testing of the various results versus the time since 
surgery (in days) revealed no significant effect from the 
slightly longer time interval. 

A summary of the patient demographics is shown in 
Table 1 ; there were several differences in the groups. The 
average age of the monofocal patients was significantly 
higher than for the multifocal IOLs (ANOVA, P<0.001). 
This was largely due to the inclusion of refractive lens 
exchange patients (clear lensectomy and implantation of an 
IOL) who were limited to the multifocal groups; age was 
not different between the two multifocal groups (post-hoc 
Tukey's Honestly Significant Difference test, P=0.96). The 
percentage of males was higher in the ReSTOR +2. 5 D group 
(Kruskal-Wallis test, P<0.001). 

Table 2 summarizes the refractive outcomes for the 
three IOLs. There was slightly less refractive sphere in the 
ReSTOR +3.0 D group and slightly higher postoperative 
astigmatism in the AcrySof IQ group. While statistically 
significant, the measured differences were clinically nominal 
(<0.25 D). The mean spherical equivalent refractive error 
was comparable between IOLs. 

Figure 2 shows the binocular best distance-corrected VA 
by lens at the different standard test distances. The patterns 
were as expected from the lens designs, with the monofo- 



Table I Study population characteristics 

Group n (patients) % male Age Cataract RLE Time since 

surgery (days) 

AcrySof IQ® monofocal 29 41 74 ±8 (61-87)* 29 1 49 ± 43 (92-2 1 6) 

ReSTOR® +2.5 multifocal 32 72* 59 ± 9 (42-74) 14 18 1 28 ± 45 (85-2 1 5) 

ReSTOR® +3.0 multifocal 33 36 58± 10(41-79) 14 19 1 58 ± 44 (89-2 1 9) 

Note: ^Significantly different than other two groups. 
Abbreviation: RLE, refractive lens exchange. 
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Table 2 Postoperative refractive error 
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Sphere 






Cyl 








MRSE 








Mean SD 


Min 


Max 


Mean 


SD 


Min 


Max 


Mean 


SD 


Min 


Max 


ReSTOR® +3 


66 


0.30 0.34 


-0.25 


1.00 


-0.38 


0.27 


-1.25 


0.00 


0.1 1 


0.33 


-0.63 


0.88 


AcrySof IQ® 


58 


0.46 0.50 


-0.50 


1.75 


-0.63 


0.54 


-2.00 


0.00 


0.15 


0.45 


-0.75 


1.38 


ReSTOR® +2.5 


64 


0.47 0.34 


0.00 


1.50 


-0.44 


0.37 


-1.50 


0.00 


0.25 


0.30 


-0.38 


1.38 




P value 


0.02 - ReSTOR +3 lower 




0.01 - 


IQ greater 






0.08 









Abbreviations: Cyl, cylinder; Max, maximum; Min, minimum; MRSE, mean refractive spherical equivalent; SD, standard deviation. 



cal IOL showing a monotonic decrease in VA with nearer 
test distance, and the ReSTOR +3.0 D providing very good 
near acuity and a slight reduction at intermediate distance 
(60 cm). The ReSTOR +2.5 D intermediate acuity was 
slightly better than the ReSTOR +3.0 D, but the difference 
was not statistically significant (,P=0.24). Mean near acuity 
(40 cm) was about 1 . 5 lines lower than for the ReSTOR +3 .0 
D, but more than three lines better than with the monofocal 
IOL; both of these differences were statistically significant 
(P<0.01). All IOLs provided excellent distance VA. 

Figure 3 shows the differences in the age-adjusted low 
contrast VA at 4 m. There was no statistically significant 
difference between the lenses (P=0.06) but the performance 
of the ReSTOR +2.5 D appeared to be closer to the monofo- 
cal IOL than the ReSTOR +3.0 D IOL. 

Figures 4 and 5 summarize the results when the subjects, 
with best distance correction in place, were asked to read the 
chart at their preferred reading distance. Figure 4 shows that 



distance for each IOL while Figure 5 contains the associated 
mean VA. Because logMAR is an angular subtense, these 
acuities were calculated individually and averaged; the VA 
was corrected by using a log transformation of the measured 
acuity, the calibrated chart distance (here, the 60 cm chart 
was used), and the patient's preferred reading distance. VA 
at the preferred reading distance was similar for the two 
multifocal IOLs and significantly worse with the monofo- 
cal IOL (P<0.01). Patients with the ReSTOR +2.5 D lens 
preferred a farther reading distance than those with the 
ReSTOR+3.0Dlens. 

Subjective near vision reported by subjects using the 
NEI near vision subscale, was not statistically significantly 
different by IOL (P>0.07); patients were reporting on their 
habitual near vision, which could include use of spectacles. 
There was a statistically significant difference in the Rasch 
scores for the Quality of Vision questionnaire for frequency, 
severity, and the degree to which the quality of vision was 
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Figure 2 Best distance-corrected visual acuity by test distance and intraocular lens. 
Note: Vertical bars denote 0.95 confidence intervals. 
Abbreviation: logMAR, minimum angle of resolution. 
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Figure 3 Age-adjusted distance low contrast (1 3%) visual acuity. 
Note: Vertical bars denote 0.95 confidence intervals. 
Abbreviation: logMAR, minimum angle of resolution. 



bothersome (P<0.05). The two multifocal IOLs were not 
significantly different but the monofocal IOL had statisti- 
cally significant lower (better) scores in all three measured 
categories. Figure 6 summarizes these findings. While not 
shown in this summary figure, the category of "halos" showed 
the greatest difference between the multifocal and monofo- 
cal IOLs (P<0.01, for frequency, severity, and bothersome, 
Bonferroni corrected) but there was no statistically signifi- 
cant difference between the two ReSTOR lenses. As noted 
earlier, an analysis of covariance with time since surgery as 
a cofactor revealed no statistically significant time effect 
(P>0.6 in all cases). 

Discussion 

This study provides the first clinical data related to the visual 
performance of the new ReSTOR +2.5 D apodized diffractive 
multifocal IOL, comparing it to the monofocal AcrySof IQ 
lens and the ReSTOR +3.0 D IOL. The latter has a higher 
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Figure 4 Preferred reading distance by implanted intraocular lens. 
Abbreviations: Max, maximum; Min, minimum. 



Figure 5 VA at preferred reading distance by implanted intraocular lens. 
Note: logMAR 0 =20/20. 

Abbreviations: logMAR, minimum angle of resolution; Max, maximum; Min, 
minimum; VA, visual acuity. 



add than the ReSTOR +2.5 D and is designed to provide 
relatively more light for near vision. The AcrySof IQ and 
ReSTOR +3.0 D IOLs have been available in the European 
market for several years. 

Postoperative VA data showed that the ReSTOR +2.5 D 
provided much better intermediate and near vision than a 
monofocal IOL, but the near vision was not as good as the 
ReSTOR +3 .0 D lens. This was as expected. The results here 
also showed that intermediate vision was equivalent to that 
for the ReSTOR +3 .0 D lens, offering patients who are more 
interested in arm's length activity (eg, computer work) an 
alternative to the higher add IOL. This was despite the lower 
amount of light being directed to the near focal point. The 
intent of the lens design was to provide "casual near vision;" 
the results suggest that this objective was met. 

The preferred reading distance for subjects with the 
ReSTOR +2.5 D IOL implanted was about 50 cm, slightly 
further out than the 40 cm distance of the ReSTOR +3.0, 
consistent with the lens design. Near VA at the preferred 
reading distance was equivalent to the VA provided by 
the ReSTOR +3.0 D IOL and significantly better than that 
provided by the AcrySof IQ monofocal. Again, as a measure 
of usable near vision, the data indicate that the ReSTOR +2.5 D 
IOL is an effective improvement over a monofocal lens. 

The tradeoff for the ReSTOR +2.5 D design relative 
to the ReSTOR +3.0 D design in terms of retaining more 
light for distance vision was expected to be better distance 
VA and lower levels of visual disturbance for the former 
lens. Distance VA for all three tested lenses was excellent, 
so no significant differences were observed. However, 
lower contrast VA provided some indication that the 
ReSTOR +2.5 D IOL design provided distance VA closer to 
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Figure 6 Box plots of quality of vision measures. 
Abbreviations: Max, maximum; Min, minimum. 



a monofocal lens than to the ReSTOR +3.0 D lens, though 
the results were not statistically significant. A recommen- 
dation for future studies would be to use a lower contrast 
chart (eg, 5%) or contrast sensitivity testing to help better 
differentiate lens performance. 

Initial expectation related to the subjective question- 
naires was that the ReSTOR +2. 5 D lens would have a visual 
quality profile between that of the monofocal IOL and the 
ReSTOR +3.0 D lens. This was not observed in this study. 
The NEI near vision questionnaire allows the use of reading 
glasses if they were used for the activities in question, to 
reflect actual patient behavior. As such, there was no sta- 
tistically significant difference in near visual performance. 
Patients were not asked about whether they wore spectacles 
for each of these activities and this might be a useful addition 
to the questionnaire as administered here. 

Differences in quality of vision measures were statistically 
significant, with the monofocal IOL being better relative to 
the multifocal IOLs; no statistically significant differences 
between the multifocal IOLs were observed. This may be a 
function of the study design, as noted in next paragraph. There 
may also be limits on the relative light distribution in large- 
pupil situations that are not reflected in the pattern shown 
in Figure l. 11 The use of a validated Rasch-scale quality of 
vision score allows for comparison to other studies that have 



used the same scale. The monofocal data compare favorably 
to results for uncomplicated surgery reported by Skiadaresi 
et al. 12 

The study design involved postoperative recruitment 
of patients in each of the lens groups. Their selection of 
lens was not random, but was based on lifestyle decisions. 
With all multifocal IOLs, the general tradeoff is a higher 
likelihood of good near vision relative to a monofocal 
IOL, with a corresponding higher potential for some visual 
disturbances. Patients were advised of this before surgery. 
Those patients who chose the ReSTOR +2.5 D IOL were 
those who did not want to accept the higher potential for 
visual disturbances and higher likelihood of near good 
vision that is associated with the ReSTOR +3.0 D IOL. Their 
tolerance for glare and halos, then, would be expected to be 
lower than for patients who chose the ReSTOR +3 .0 D lens. 
Their expectation would also be for a lower level of visual 
disturbances. The fact that their visual quality scores were 
not different than for patients with the ReSTOR +3 .0 D IOL 
may be a reflection of this. It could merely imply that patient 
selection was appropriate; the level of visual disturbance 
relative to the expectation for visual disturbances appeared 
to be equal in the two groups. The only appropriate method 
to resolve this, and to establish a less biased quality of vision 
measure, would be a randomized prospective trial. 
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Conclusion 

The ReSTOR+2.5 D apodized diffractive IOL was designed 
as an alternative lens for patients who did not want to 
accept the higher potential for visual disturbances with the 
ReSTOR +3.0 D IOL, but who wanted more usable near 
vision than a monofocal IOL provided. The data from the 
current study suggest that the ReSTOR +2.5 D IOL provides 
such an alternative. Questions related to the relative quality 
of vision remain, but are likely to be answered only through 
a randomized prospective study design. 
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